Molecular mechanism of the lead-induced inhibition of rod cGMP phosphodiesterase.
Retinal cGMP hydrolysis is inhibited following developmental and in vitro lead exposure. To determine whether Pb2+ directly inhibits the rod-specific cGMP phosphodiesterase (PDE) and to examine the kinetic mechanism of this inhibition, purified bovine rod cGMP PDE was assayed at varying [cGMP], [Mg2+] and [Pb2+]. Increasing [cGMP] or [Mg2+] shifted the Pb2+ curves leftward or rightward revealing increased or decreased potency of Pb2+ (nM to pM range), respectively. A 1/velocity vs. 1/mg2+ plot revealed that picomolar [Pb2+] competitively inhibited PDE relative to millimolar [Mg2+]. These novel findings reveal that Pb2+ binds at the Mg2+ site but with 4-6 log units higher affinity, thus preventing cGMP hydrolysis. These results may have implications for other enzymes using Mg2+ as a co-factor and suggest that Mg2+ may be useful for reversing the PDE inhibition by Pb2+.